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(57) A hypodermic needleless injection system for 
m)echng a liquid medication, which system comprises: 

(a) a medication unit configured and dimensioned 
to store a volume ol liquid to be injected, the med, 
ration unit having a first region and a second region 
^lareinliquidcommunicatjonwitheachother the 
first region being deformabte and the second region 
having at least one orifice. 

(b) a hydrostatic cnamber'contaWng a hydrostatic 
pressure transfer medium, the hydrostatic chamber 
bemg so configured and dimensioned that the med- 



•cat.cn unit is located at least partially within the hy- 
drostahc chamber and so that a pressure exerted 
on tt>e transfer medium would cause the first region 
o» the medication unit to deform so as to reduce the 
volume available for the liquid medication within the 
medication unit, and 

(c) a first piston havinga first end and a second end 
opposite to the first end. the fina end having a sur- 
face which forms a closure ol the hydrostatic cham- 
ber, and is adapted for applyi™, a ^assure on the 
tansfer medium contained in the hydrostatic cham- 
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Description 

Field of the Invention 

10001) The invention concerns a hypodermic needle- 
less injection system for injecting a liquid medication. 

Background 

[0002) International Patent Application with publica- 
bon No. WO-A-98/31409 describes a hypodermic 
needleless injection system for injecting a liquid medi- 
cation comprising a disposable medication cartridge 
and a reusable application device. The reusable appft- 
cation device includes a locking pressure chamber that 
contam and supports the cartridge, and other neces- 
sary subsystems inchicfing electric ignition and safety in- 
terlocks. The disposable cartridge contains a prefiDed 
stenle single dose medication container and a smaB py- 
rotechnic gas generator that produces 200 to 300 bar 
pressure exerted on the medication container for carry- 
ing out the injection. The single dose medication con- 
tainer comprises a first region delimited by a thin waited 
flexible plastic medication container and a second re- 
gion having a jet nozzle. The gas pressure provided by 
the gas generator is applied on the thin walled container 
which collapses under that pressure and this causes 
ejection of the liquid through the jet nozzle. 
[0003) In the known system disclosed by WOA- 
98/31409 »*> wa » of the medication chamber forms 
a barrier between the liquid medication and the high 
pressure gas. The latter thin waD is largely under hydro- 
static pressure and carries only modest tensile and 
shear stresses. However in order to reduce the proba- 
bility of gas contact with the liquid medication in the 
event of a single point failure of the thin flexible wail of 
the medication chamber, it is advisable to use a second 
wan. e.g. a rubber wall, which shields the thin wall of the 
medication chamber. 

[0004) A disadvantage of the structure of the known 
system disclosed by WO-A-98/31409 is that it does not 
allow the use of low cost energy sources, e.g. mechan- 
ical devices or tow pressure gas sources, for generating 
the necessary pressure on the deformable wan of the 
medication container. 

[0005) This disadvantage thus raises the problem of 
how to modify the structure of the injection system in 
order that the modified structure allows the use of that 
tow cost energy sources and allows thereby a reduction 
of the manufacture cost of the whole system 
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[0007) According to the invention this aim is attained 
wrth a hypodermic needleless injection system compris- 

(a) a medication unit configured and dimensioned 
to store a volume of liquid to be injected, said med- 
ication unit having a first region and a second region 
that are in Dquid communication with each other 
said first region being deformable and said second 
region having at least one orifice. 

(b) a hydrostatic chamber containing a hydrostatic 
pressure transfer medium, said hydrostatic cham- 
ber being so configured and dimensioned that the 
medication unit is located at least partially within the 
nydrostatjc chamber and so that a pressure exerted 
on said transfer medium would cause said first re- 
gion of said medication unit to deform so as to re- 
duce the volume available for said liquid medication 
within said rnedication unit, and 



(c) a first piston having a first end and a second end 
opposite to said first end. said first end having a sur- 
face which is adapted for applying a pressure on 
said transfer medium contained in said hydrostatic 
chamber. 

25 ^ P^erred embodiment of a hypodermic 

needleless injection system according to the inven- 
tion further comprises 

(d) an activatable force generator able to generate 
a force and to apply said force on said second end 

30 of said first piston in order to cause that said surface 
of said first end of piston applies a corresponding 
pressure on. said transfer medium, and 

(e) and activation means for activating said force 
generator. 

35 

[0008) Therein advantage of an injection system ac- 
cording to the invention is that H makes possible to attain 
the above mentioned aim. An additional advantage of a 
preferred ernboolment of such a system is that it is apt 
to be manufactured entirely as a disposable injection 
system which can be provided to the user ready for use 
tn a package which ensures sterility. In the context of 
the invention ready for use means prefTffed with a pre- 
determined amount of medication and without requirinq 
<s any assembling step to be performed by the user before 
use. 



Brief Description of the Drawings 



Summary of the Invention 

10006] The aim of the invention is therefore to provide 
a hypodermic needleless injection system for injecting 
a Bqud medication which is adapted to make use of low 
cost energy sources and which thereby makes possible 
to reduce the manufacture cost of the injection system 



(0009) The subject invention wiO now be described in 
terms of its preferred embodiments. These embodi- 
ments are sel forth to aid the understanding of the in- 
vention. but are not to be construed as limiting 

[0010) Fig. i shows a schematic cross sectional view 
of a basic structure of a needleless injection system ac- 
cording to the invention. 

10011) Fig. 2 shows a schematic cross sectional view 
of a first embodiment of a needleless injection system 
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according to the Invention before activation of the force 
generating means. 

[001 2] Fig. 3 shows a schematic cross sectional view 
of the embodiment shown by Fig. 2 after activation of 
the force generating means. 

[0013) Rg. 4 shows a schematic cross sectional view 
of a second embodiment of a needleless injection sys- 
tem according to the invention before activation of the 
force generating means. 

[0014) Rg. 5 shows a schematic cross sectional view 
of the embodiment shown by Rg. 4 after activation of 
the force generating means. 

[001 5) Fig. 6 shows a schematic cross sectional view 
of a variant of the first embodiment shown by Rg.2. 
[001 6J Rg. 7 shows a schematic cross sectional view 
of a variant of the first embodiment shown by Rg.4. 



Detailed Description of the Invention 

Basic structure of a needleless injection system 
according to the invention 



[0017] As can be appreciated from Fig. t a hypoder- 
mic needleless injection system according to the inven- 
tion comprises in particular the following components: 
a medication unit 11. a hydrostatic chamber 16 and a 
piston 18. Not shown in Fig. 1 but equally part of the 
system depicted therein are an activalable force gener- 
ator and activation means for activating the force gen- 
erator. 

[0018) Medication unit 11 is configured and dimen- 
sioned to store a volume of liquid 1 2 to be injected. Me* 
ication unit 11 has a first region comprising a medication 
container which has a thin, flexible wall 1 3 and a second 
region comprising an insert 14 having a jet nozzle 15. 
This nozzle 15 is in liquid communication with the med- 
ication container of the first region of medication unit 1 1 . 
Wall 13 is deformable and collapsible. Jet nozzle 15 has 
an outlet 20 through which liquid 12 to be injected is 
ejected. Medication unit 1 1 is made of suitable construc- 
tion materials, e.g. polyethylene and polypropylene 
which are suitable for storing medications iricludirigser^ 
sitrve protein drugs. 

[0019) Hydrostatic chamber 1 6 contains a hydrostatic 
pressure transfer medium 17 and is so configured and 
dimensioned that medication unit 11 is located at least 
parualry within the hydrostatic chamber 16 and that a 
pressure exerted on transfer medium 17 would cause 
waB 13 of the first region of medication unit 11 to deform, 
so that the volume available tor said liquid medication 
1 2 in the first region is reduced, tn a preferred embodi- 
ment waD 1 3 of the first region collapses under a pres- 
sure exerted thereon by transfer medium 1 7 and the en- 
tire volume of liquid medication 1 2 is ejected through jet 
nozzle 15. 

[0020) In general terms hydrostatic pressure transfer 
medium 17 is a biocompatible material which flows eas- 
ily when subject to a pressure ol about 200 to 300 bar 



and which is substantially incompressible. Transfer me- 
dium 1 7 transmits the piston pressure to the single dose 
medication container in a hydrostatic manner, is inert 
relative to the medication and other materials of ceo 
5 struction, and is not expected to leak or evaporate over 
the storage life ol the injection system. 
[0021) Transfer medium 17 is preferably a gel, e.g. an 
elastomeric silicon gel. Such a gel is a very biocompat- 
ible material that is used e.g. in long-term human im- 
io plants. In the unlikely event that particles of gel 1 7 would 
contact the liquid medication and thereby enter into a 
patients body, it is expected to be harmless. Transfer 
medium 17 can also be e.g. a soft rubber or a sterile 
saline solution. 

is [0022) Piston 18 has a first end 19 and a second end 
21 opposite to first end 19. First end 19 has a surface 
which forms a closure of hydrostatic chamber 16, and 
is adapted for applying a pressure on gel 17 contained 
in hydrostatic chamber 16. 
20 [0O23) The injection system of Fig. 1 also comprises 
a metal housing 23 hermetically closed at one end by a 
bulkhead 25. Bulkhead 25 is held in this position against 
internal pressure forces in housing 23 by a crimp 30 or 
other equivalent secure fastening means. Bulkhead has 
25 a bore 27 partially filled with gel 17. Part of piston 18 is 
inserted in bore 27. A suitable piston seal element 28 
ensures a sliding seal of bore 27 by piston 18. Medica- 
tion container 11 is contained and positioned within 
housing 23 as shown by Fig. 1 so that it closes the other 
30 end of housing 23. Gel 17 fills hydrostatic chamber 1 6 
which extends between the inner end of bulkhead 25 
and medication container 11. A bulkhead seal 26 en- 
sures hermetic closing of one end of hydrostatic cham- 
ber 16. A rubber element 24 holds medication container 
35 1 1 in its position within housing 23 and hermetic closing 
of the opposite end of hydrostatic chamber 1 6. 
[0024) When a force, such as the force represented 
by arrow 29 in Fig. 1, is applied to one end of piston 18 
a corresponding pressure is applied by surface 1 9 of the 
40 opposite end of piston 1 8 on gel 1 7 in hydrostatic cham- 
ber 16 and gel 17 in turn applies that pressure hydro- 
statically on the deformable wan 13 of the first region of 
medication container, and this pressure causes ejection 
of the liquid contained in the latter container through 
45 r)OZzie 15 - ^ size of surface 1 9 determines the pres- 
sure generated by a given force applied on piston 18 
and the displacement of piston 18 in bore 27 determine 
the Squid volume displaced, i.e. the liquid volume inject- 
ed. Therefore, in particular proper choice of these pa- 
50 rameters(sizeofsuriace19,strc*eofr^ton18)makes 
possfcte to achieve a required injection performance. 
[0025) As described hereinafter in examples of spe- 
cific embodiments a prefened embodiment of a needle- 
less injection system according to the invention further 
55 comprises the following means not shown by Rg 1 



an activatable force generator able to generate a 
force and to apply that force on the second end 21 
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of piston 1 8 in order to cause thai the surface ol the 
first end 19 of piston 18 applies a corresponding 
pressure on gel 17, and 

activation means for activating the force generator. 

[0026] A system having the structure shown in Fig. 1 
has e.g. an jet nozzle 15 having a diameter of 0 2 m8- 
Rmeter. If the pressure applied on the flexible part of the 
medication container through gel 17 is e.g. 300 bar the 
"lection system provides an injection with a peak flow 
of 7 microliters per millisecond. 
10027] The detailed design of an injection system ac- 
cording to the invention is guided by the foDowing ex- 
perimental facts: 

- The diameter of orifice 20 of jet nozzle 1 5 influences 
the depth of penetration of the injected liquid. At a 
grven pressure, a larger orifice diameter result in a 
deeper penetration. Subcutaneous injections jet or- 
ifice diameters are typically in the range from 0 10 
to 0.25 millimeters diameter. In the following exam- 
ples the diameter of orifice 20 of jet nozzle 15 is 0 2 
millimeters. 
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- The rate at which the pressure applied on the de- 
formable medication container increases with time 
•s critical m order to achieve a proper injection per- 
formance. A rapid initial rise to the peak injection 
pressure is necessary in order to achieve the re- 
quired penetration depth. After initial penetration a 
reduced pressure is required to deliver the medica- 
tion without excessive penetration of the soft sub- 
cutaneous tissue. An initial pressure rise time to 
about 300 bar in less than a millisecond, followed 
by a 200 bar sustained pressure is typical for 200 
microliter subcutaneous injection through a 0.2 mil- 
limeter diameter orifice of jet nozzle 15. 

[0028] In general terms the above mentioned activat- 
able force generator is so configured and dimensioned 40 
that it is adapted to provide the force to be applied to 
piston 18 with such a mechanical power that the corre- 
sponding pressure applied on transfer mete 17 rises 
to a peak value within a time interval which is equal to 
or shorter than about two mifliseconds. and after that <s 
■ntaval faBs to a value which is lower than said peak 

[0029] Different sources of stored energy including 
compressed springs or compressed gas can be used as 
force generator. In particular any one the following so 
sources of stored energy can be used wrthin the scope 
of the instant invention in order to provide e.g. a 50 mil- 
feecond power pulse with a pea* value over 200 watts 



tion by means of a differential piston. 

- Liquid gas such as C02 is a safe and effective en- 
ergy source. Since the ambient temperature vapor 
pressure of C02 is less than 60 bar. it is necessary 
to multiply this pressure by means of a differential 
area piston to reach the required 200 to 300 bar 
pressure for performing a proper injection. In prirv 
ciple any low-pressure source of pressurized gas or 
vapor may be utilized, e.g. acid-bicarbonate reac- 
tions, low pressure stored nitrogen, fuel-air com- 
bustion, or low pressure pyrotechnics. 

- Pressurized gas at 300+ bar is an ettective energy 
source that provides directly the required pressure 
level, provided that suitable storage vessels and re- 
lease devices are available. 

- Rubber or plastic springs, in particular certain rub- 
ber or plastic springs store a large quantity of ener- 
gy per unit mass compared to steel springs The 
cost and performance of such rubber or plastic 
springs is attractive, provided that a long term sta- 
bility of their properties and low load loss with time 
is ensured. Either factory cocked or user cocked 
rubber or plastic springs can be used. 

Metal springs, in particular certain steel springs 

storealarge quantity of energy per unrtmass. Either 
lactory cocked or user cocked metal springs can be 
used. 

Electrochemical gas generation obtained by disso- 
ciation of liquids such as water may be used to pro- 
duce pressurized gas. The advantage of such a 
process is that a low power battery input over a pe- 
riod of time can generate a pressure that is adapted 
to be released rapidly released to provide the nec- 
essary pressure for performing the injection. 

Electromechanical energy sources e.g. a DC motor 
powered by e.g. a ^K*el-cadmium battery may be 
used to deliver the mechanical power pulse re- 
quired for jet injection. 



Pyrotechnic energy sources are ideal for delivering 
a short, Ngh power pulse in a smaJ] space and they 
have the advantage of r*oviding the injection pres- 
sure directly, without need for pressure multipBca- 



[0030] The choice of a suitable energy source for an 
injection system according to the invention depends on 
the particular application. An electromechanical power 
source may be suitable and very economical in a clinical 
setbng where size is not an issue, while a spring or fiquid 
^senergy source may be preferable for a single use 
disposable injection system. 

I003t] m general terms an injection system according 
to the «rrvention may be packaged and delivered to the 
userwith or without power source depending from the 
intended use respectively the requirements/needs of 
the user. 

10032] The embodiment shown by Fig. lis an injec- 
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Ion system without power source. Such a system is in- 
tended lor use with a separate power module which can 
be e.g. a manualJy powered spring device or an auto- 
matic gas or electrically powered device. 
(0033) Specific examples of particular embodiments 
of a needleless injection system according to the inven- 
tion including a power source are described hereinafter 
Such systems are primarily single use disposable de- 
vices. Their integrated power source may be e g. a 
spring or stored gas. 



Example 1 

10034] Figures 2 and 3 illustrate the structure and the 
operation of a first embodiment of a device according to 
the nvertSon. This first embodiment is essentially a dis- 
posable single use device comprising a force generator 
powered by a liquid gas 34. 

[0035) As shown by Fig. 2, in this embodiment liquid 
gas 34 contained in a reservoir 34a is used to generate 
the force to be exerted on a differential piston 1 8a The 
means for generating such force further include a gas 
release valve 33 and a trigger 32 for actuating, that is 

for opening valve 33. These elements as weDasaspring 
47 are assembled and operativety connected to the oth- 
er components of the system by a housing 45 which is 
adapted to slide over a housing 23 of the type described 
preference to Fig. 1. Spring 47 serves for defining 
the level ol mechanical pressure exerted by the system 
on the patient s skin that has to be attained in order to 
enable activation of the force generator by means ol trig- 
ger 32. Gas release valve 33 is e.g. a breakable closure 
of an outlet of gas reservoir 34. and in this case the latter 
closure is adapted to be broken by actuation of trigger 

32. 

[0036J Before use the different components ol the in- 
jection system have the positions shown by Rg 2 the 
outlet of jet nozzle 15 is closed by a tear-off closing tab 
22 and trigger 32 is locked in place by a keyhole slot in 
sHd«g housing 45. This locking prevents accidental re- 
lease of trigger 32. 

J0037] Preparation of the Section system for per- 
forming an injection comprises the foBowihg ste0s: 

- removing dosing tab 22 to open orrfice 20 

- pressing the nose of the device on the skin 'otapa- 
tient causes housing 45 to slide over a portion of 
noustfig 23 and brings these housings to theirposi- 
tions shown by Rg. 3, this movement of housings 
45 with respect to housing 23 compresses spring 
47 and brings trigger 32 to a position where it can 
be pushed n order to open valve 33 and thereby let 
gas 34 escape and build up pressure on end sur- 
face 21 of differential piston 18. 



10038] After the above described preparation steps 
^ Peft0fmed b V actuation of trigger 32.' 
10039] When valve 33 is opened by actuation of trig- 



ger 32. the gas contained in reservoir 34 is released 
through valve 33. this gas evaporates and builds up 
pressure on end surface 21a of differential piston 18a 
Piston 18a is restrained from motion by shear-off stop 
5 31 untH the pressure is high enougfi and exceedsapre- 
determined threshold value. When this happens shear- 
off stop 31 is cut and differential piston 1 8a is suddenly 
free to travel towards hydrostatic chamber 16 to impact 
on a plunger 18c and thereby to exert pressure on gel 
1 7 contairied in hydrc>static chamber 16. Remaining gas 
escapes through a vent hole 35. 
[0040J Differential piston 18a makes possible to muf- 
ftply the gas pressure applied on the surface of its end 
21 a, by a factor which is equal to the quotient of the sur- 

15 ,a ^ 0, ^21atothesurfacec4erxl19aofpiston18a 
This factor is larger than one. because the surface of 
end 21 is larger the surface of end 19. In the embodi- 
ment shown by Figures 2 and 3. differential piston 18 
steps up the pressure by a factor of about 6 tot Since 
20 me **** of end 19a of differential piston 18a impacts 
on a surface of same size of plunger 18c. the pressure 
exerted on hydrostatic gel 17 is equal to the gas pres- 
sure multiplied by the latter factor. 
[0041J In the embodiment shown by Figures 2 and 3 
2S the filial rise of the pressure exerted by gel 17 on de- 
formable wall 13 is particularly high due to the impact 
pressure generated by the impact of piston 18a on 
plunger 1 8c. This impact pressure arises because of the 
existence of a predetermined separating space 18b 
*> that is a free travel distance, between the initial position 
ol end 19a of piston 18a and plunger 18c. 
[0042] In the above described way a high hydrostatic 
pressure is generated which suddenly acts on gel 17 
Gel 17 under pressure does in turn exert pressure on 
35 deformable wall 13 of medication unit 11 . Thus the sud- 
den gas release causes a fast rise of the hydrostatic gel 
pressure exerted on the deformable wall 13 and causes 
ejection of liquid medication 12 contained therein 
through jet nozzle 1 5 of insert 1 4 of the second region 
40 of medication unft 11. 

(0043] Fig. 3 shows the configuration of the embodi- 
ment shown by Fig. 2 at the end of the injection 
[0044] Fig. 6 shows a schematic cross sectional view 
of a variant of the embodiment shown by Rg^ m the 
45 ^ shown by Fig. 6. piston 18m comprises two 
parts: a first part 1 8d of a first material and a second 
part 18e of a second material, the second material hav- 
r>g a higher density than the first material. First part 1 8d 
»s e g_ a metallic core part, and second part 18e is eg 
apenpberal part made ofa^ 
of providing piston 18m with a heavier core part 18d is 
to increase the total mass of piston 18m in order to in- 
crease the force with which piston 18m impacts on 
Plunger 1 8c. and thereby to shorten the rise time of the 
« pressure putee applied on gel 17 and therefore on col- 
bpstole wan 13 of medication unit 11. 
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Example 2 



[0045) Figures 4 and 5 illustrate the structure and the 
operation of a second embodiment of a device accord- 
ing to the invention, This second embodiment is essen- 
tially a disposable single use device comprising a force 
generator powered by a rubber spring system. 
[0046] AsshownbyFig. 4, in this emfjoc&rner* a mold- 
ed rubber cup spring 37 is used to generate the force to 

be exerted on a push rod 38. When push rod 38 is dis- 
placed by a force generated by sudden relaxation of 
spring 37 a first end 40 of push rod 38 impacts on a pis- 
ton 41 which then exerts a corresponding pressure on 
gel 17 contained in hydrostatic chamber 16. Push rod 
38 and piston 41 thus perform a similar function as pis- 
ton 18 in the embodiment described above with refer- 
ence to Figures 2 and 3. 

10047) Spring 37 is factory preloaded to the cocked 
position shown by Rg. 4. In this position spring 37 exerts 
a force on a second end 42 of push rod 38 .In a modified 
ernbodiment spring 37 is not preloaded at the factory 
and has to be brought by the user to the cocked position 
shown by Fig. 4. 

(0048) The rubber chosen as material for the manu- 
facture of rubber spring 37 must have the following prop- 
erties: high strength, Noil elongation, and low loss of 
load over time. In a preferred embodiment cocked 
spring 37 is subject to thermal aging as a production 
step m order to ensure a stable performance over the 
storage life of the device. 

[0049J A trigger 36 enables the user to effect a sudden 
relaxation of previously loaded spring 37. For this pur- 
pose trigger 36 comprises a ban latch 39 adapted for 
retaining and releasing push rod 38 depending from the 
position of trigger 36. BaNatch 39 prevents displace- 
ment of push rod 38 as long as trigger 36 is in a first 
position shown in Fig. 4. Ball-latch 39 is so configured 
and dimensioned that it is unstable once it is triggered 
by bringing trigger 36 to the position shown in Fig. 5 
This property of batWateh 39 makes it suitable for sud- 
denly releasing said push rod 38, for thereby allowing a 
sudden displacement of push rod 38 caused by a force 
generated by relaxation of rubber spring 37, and for 
thereby causing a fast rise of the pressure exerted by 
pushrod38viapiston41 wigeM7,andactirresponding 
fast rise of the pressure exerted by gel 1 7 on deformabte 
wafl 13 of medication unft 11. 

[0050) As shown by Fig. 4 tfie embocfiment represent- 
ed therein further comprises an inner housing 49 which 
is mechanically connected with pressure chamber 
housing 23 and an outer housing 46. which is adapted 
to slide over inner housing 49, and a spring 48 located 
between uner housing 49 and outer housing 46, which 
spring 48 serves for defining the level of mechanical 
pressure exerted by the system on the patient's skin that 
has to be attained in order to enable activation of the 
force generator by means of trigger 36. 
[0051) Before use the different components of the irv 



fection system have the positions shown by Fig 4 and 
the outlet of jet nozzle 15 is closed by a tear-off closing 
tab 22 and protected by a removable cap 44 which fa- 
cilitates removal of closing tab 22. Removable cap 44 
5 also serves for locking outer housing 46 in position with 
respect to inner housing 49 and thereby prevents acci- 
dental release of trigger 36. 

10052) Preparation of the injection system for per- 
forming an injection comprises the following steps: 



removing cap 44 and closing tab 22 to open orifice 
20, 

pressing the nose of the device on the skin of a pa- 
tient causes outer housing 46 to slide over a portion 
of inner housing 49 and brings these housings to 
their positions shown by Fig. 5, this movement of 
housing 46 with respect to housing 49 compresses 
spring 48 and brings trigger 36 to a position where 
it can be pushed in order to release ball-latch 39 
and thereby suddenly release push rod 38. 
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[0053) After the above described preparation steps 
an injection can be performed by actuation of trigger 36.' 
J0054) When trigger 36 is actuated after the prepara- 
25 tK)n ste PS described, baD latch 39 suddenly releases 
push rod 38 and thereby allows sudden relaxation of 
rubber spring 37. This relaxation causes push rod 38 to 
impact on piston 41 which in turn suddenly exerts an 
hydrostatic get pressure on the deformable wall 13 and 
30 causes ei***™ ^ liquid medication 12 contained there- 
in through jet nozzle 15 of insert 14 of the second region 
of medication unit 11. 

[0055) In the embodiment shown by Figures 4 and 5 
the initial rise of the pressure exerted by geM7 on de- 

35 lormable watt 13 is particular^ 

pressure generated by the impact of push rod 38 on pis- 
ton 41. This impact pressure arises because of the ex- 
istence of a predetermined separating space 40b that 
is a free travel distance, between the initial rx>srtjon of 
40 end 40 of push rod 38 and piston 41. 

[0056) Fig, 5 shows the configuration of the embodi- 
ment shown by Fig. 4 at the end of the injection. 

[0057) Fig. 7 shows a schematic cross sectional view 
of a variant of the first embodiment shown by Fig.4. 

<5 (0058) In the variant shown by Rg. 7, push rod 38m 
comprises two parts: a first part 38a of a first material 
and a second part 38b of a second material, the second 
material having a higher density than the first material 
First part 38a is e.g. a metallic core part, and second 
so part 38b is e.g. a peripheral part made of a plastic ma- 
terial. The purpose of providing push rod 38m with a 
heavier core part 38a is to increase the total mass of 
push rod 38m in order to increase the force with which 
pusrwod 38m impacts on piston 41, and applied on gel 
« 17 and therefore on collapsible wall 13 of medication 
unit 11. 
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List of reference numbers 
(0059J 



11 medication unit 

12 liquid medication 

13 defofmabte waJJ of first region of medication con- 
taher 

H insert of second region of medication container 

15 jet nozzle 

16 hydrostatic chamber 

17 gel 

18 'first piston 

18a second piston (differential piston) 

18b separating space 

18c plunger 

18d core part of first piston 18m 

18e peripheral part of first piston 1 8m 

18m second piston (differential piston) 

19 first end of first piston 18 20 
19a first end of second piston 18a 



scripbon is lor illustrative purposes onry. and it is to be 
understood that changes and variations may be made 
without departing from the spirit or scope of the following 
claims. 



Claims 

1- A hypodermic needleless injection system for rv 

W jectin 9 a lk *>« medication, which system compris- 
es: 



(a) a medication unit configured and dimen- 
sioned to store a volume of liquid to be injected, 
said medication unit having a first region and a 
second region that are in liquid communication 
with each other, said first region being deform- 
able and said second region having at least one 
orifice, 
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20 


orifice 


21 


second end of first piston 18 


21a 


second end of second piston 18a 


22 


leaf-off closing tab 


23 


housing of pressure chamber 


24 


rubber seal 


25 


bulkhead 


26 


bulkhead seal 


27 


cylindrical bore 


28 


piston seal 


29 


force 


30 


assembly crimp 


31 


shear-off stop 


32 


trigger 


33 


gas release valve 


34 


liquid gas reservoir 


35 


vent hole 


36 


trigger 


37 


rubber cup spring 


38 


push rod 
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38a core part of push rod 38m 
38b peripheral part of push rod 38m 
38m push rod 

39 balWatch 

40 first end of push rod 
40b separating space 

41 piston 

42 second end of push rod 38 

44 cap 

45 outer housing 

46 outer housing 

47 spring 

48 spring 

49 inner housing 

I0060J Although a preferred embodiment of the inven- 
Uon has been described using specific terms, such de- 



ft) a hydrostatic chamber containing a hydro- 
static pressure transfer medium, said hydro- 
static chamber being so configured and Dimen- 
sioned that the medication unit is located at 
least partially within the hydrostatic chamber 
and so that a pressure exerted on said transfer 
medium would cause said first region of said 
medication unit to deform so as to reduce the 
volume available for said liquid medication 
withni said medication unit, and 

(c) a first piston having a first end and a second 
end opposite to said first end. said first end hav- 
ing a surface which is adapted for applying a 
pressure on said transfer medium contained in 
said hydrostatic chamber. 

2. An rrypodermic injection system according to claim 
1 which further comprises 

(d) an actrvatabte force generator able to gen- 
erate a force and to apply said force on said 
second end of said first piston in order to cause 
that said surface of said first end of said first 
piston applies a corresponding pressure on 
said transfer medium, and 

(e) and activation means for activating said 
force generator. 

50 3. An hypodermic injection system according to claim 
2. wherein said actrvatabte force generator is so 
configured and cfimensioned that it is adapted to 
provide said force with such a mechanical power 
that said pressure applied on said transfer medium 

55 rises to a peak value within a time interval which is 
equal to or shorter than about two mflfcseconds. and 
after that interval falls to a value which is lower than 
said peak value. 
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45 
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4- An hypodermic injection system according to claim 
2. wherein said actrva table force generator com- 
prises a container (34a) of a liquid gas. 

5. An hypodermic injection system according to claim 5 
2. wherein said actrvatabte force generator com- 
prises a spring as force generating element. 

6. An hypodermic injection system according to claim 

4, which further comprises w 

a second piston which is adapted to exert a 
force on said first piston, and 
a shear-off member which prevents that said 
fwcegeneratedbysaidfo^ 15 
a displacement of said second piston as long 
as said force does not exceed a predetermined 
threshold value, said shear-off member being 
so configured and dimensioned that it breaks 
when said force reaches said predetermined 20 
threshold value and thereby allows a sudden 
displacement of said second piston (18a) 
caused by said force generated by said force 
generator. 



I, wherein said hydrostatic pressure transfer medi- 
um is a get. 

12. An hypodermic injection system according to claim 

II, wherein said gel is an elastomeric silicon geL 

13. An hypodermic injection system according to dakn 
1. wherein said hydrostatic pressure transfer medi- 
um is a soft rubber. 

14. An hypodermic infection system according to claim 
1 . wherein said hydrostatic pressure transfer medi- 
um is a sterile saline solution. 



7. 



30 



8. 



An hypodermic injection system according to claim 
6. wherein said second piston has a first part of a 
first material and a second part of a second mate- 
rial, said second material having a higher density 
than said first material. 

An hypodermic injection system according to claim 
5, which further comprises a push rod which is 
adapted to exert a force on said first piston and 
wherein said activation means lor activating said as 
force generator comprise a ball-latch for prevenUng 
displacement of said push rod as long as said force 
generator is not activated by said activation means 
said baD-latch being so configured and dimen-' 
SK>ned mat rt is unstable once rt is tn^ere^ 40 
thereby adapted for suddenly releasing said push 
rod and thereby a Bowing a sudden displacement of 
said of said push rod causedby said force generat- 
ed by said force generator. 

9- An hypodermic injection system according to claim * 
8, wherein said push rod has a first part of a first 
material and a second part of a second material 
said second material having a higher density than 
said first material. ^ 

10. An hypc<lermk:nje<aion system acc*rdir^ to claim 
1 , wherein said hydrostatic pressure transfer medi- 
um is a biocompatible material which flows easily 
when subject to a pressure of about 300 bar and 55 
which is substantia fly ihcompress&le. 

11. An hypodermic injection system according to claim 
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